Urokinase-type Plasminogen Activator (uPA) Regulates the Expression and Function of the Growth- associated Protein-43 (GAP-43) in the Synapse.
The growth-associated protein-43 (GAP-43) plays a central role in the formation of presynaptic terminals, synaptic plasticity, and axonal growth and regeneration. During development GAP-43 is found in axonal extensions of most neurons. In contrast, in the mature brain its expression is restricted to few presynaptic terminals and scattered axonal growth cones. Urokinase-type plasminogen activator (uPA) is a serine proteinase that upon binding to its receptor (uPAR) catalyzes the conversion of plasminogen into plasmin and activates signaling pathways that promote cell migration, proliferation and survival. In the developing brain uPA induces neuritogenesis and neuronal migration. In contrast, the expression and function of uPA in the mature brain are poorly understood. However, recent evidence reveals that different forms of injury induce the release of uPA and the expression of uPAR in neurons, and that uPA/uPAR binding triggers axonal growth and synapse formation. Here we show that binding of uPA to uPAR induces not only the mobilization of GAP-43 from the axonal shaft to the presynaptic terminal, but also its activation in the axonal bouton by PKC-induced calcium-dependent phosphorylation at Ser41 (pGAP-43). We found that this effect requires open presynaptic NMDA receptors but not plasmin generation. Furthermore, our work reveals that following its activation by uPA/uPAR binding, pGAP-43 co-localizes with presynaptic vesicles and triggers their mobilization to the synaptic release site. Together, these data reveal a novel role for uPA as activator of the synaptic vesicle cycle in cerebral cortical neurons via its ability to induce the presynaptic recruitment and activation of GAP-43.